The present study was carried out to produce highly efficient antivenom from a small number of telsons in a short time. Venom solution was prepared through maceration of telsons from Androctonus crassicauda (Olivier, 1807) (ED 50 ) in mice was 0.5 ml (95% confidence interval; 0.40-0.58), according to probit analysis. It was concluded that 0.5 ml antivenom neutralized a venom dose 35-fold higher than the venom LD 50 . Thus, highly potent antivenom could be produced from about 238 telsons in 51 days.
INTRODUCTION
Scorpions are members of the order Scorpiones, class Arachnida, subgroup of Arthropoda (10) . Within the 1,500 species defined so far, only 50 were stated to be dangerous to humans (12, 14) . Lethal scorpions are mostly of the Buthidae family.
Among these, the species belonging to Androctonus, Leiurus and Mesobuthus genera are considered the most significant in causing envenomations in Turkey (14) .
In cases of envenomation by scorpion stings, it is often recommended that patients be treated with species-specific antivenom (1) . Scorpion antivenom treatment, initially introduced in 1909, is still the only method used for therapy (6, 16) . In Turkey, scorpion antivenom has been produced in Refik Saydam Hygiene Center (RSHC) since 1942 (17, 18) .
Also in Turkey, venom obtained through maceration of telsons from A. crassicauda
scorpions is used as an antigen for antivenom production; this antigen is applied against other scorpion species too (15, 17, 18) . In such method, hyperimmunization of one horse requires venom from approximately 1,500-2,000 telsons in a period of 4-5 months (18) . However, costs are rather high since both a great quantity of telsons and a long time are required to obtain antivenom. Therefore, this study was aimed at producing highly efficient antivenom in a shorter period of time using fewer telsons.
MATERIALS AND METHODS

Animals
Seventy-seven healthy male Swiss albino mice, 20±1 g, 6 weeks old, were used for determination of the venom LD 50 , the antivenom ED 50 , and the immune status of horses. Throughout the experiment, animals were kept in the experiment room under 22±2°C and 60±10% humidity. They were fed with commercial mouse pellets ad libitum.
Also, 5 local breed horses (300-400 kg), aged from 8 to 10 years, were used for the production of antivenom. During the hyperimmunization period, they were fed with barley and dried meadow grass. 
Venom solution preparation
Venom solution was prepared by the method of maceration (3, 4, 7, 19) were monitored for 48 hours, and the number of dead animals was recorded at the end of the experiment. The dose that killed 50 percent animals (LD 50 ) was calculated using probit analysis (8, 9, 20) .
Horse immunization
The LD 50 values determined in mice were selected to induce primary immune responses in horses. Increasing venom doses were used to induce and maintain secondary immune responses. Adjuvants were used to enhance immune responses.
On the first day, 180 mg venom (macerated telsons), mixed half-and-half with 
Immunization control
Before each venom injection, we verified the immune status of horses to assess their antibody (IgG) condition and to determine whether hyperimmunization could be performed.
On the 21 st , 28 th , 35 th , and 42 nd days, 5 ml blood samples were collected from the jugular vein of animals and stored in sterile bottles containing anticoagulants from the horses. After plasma separation, samples of each above-mentioned day were again stored in sterile bottles for determination of the ED 50 ( Figure 1 ). Neutralization was expressed as ED 100 . Immunization plan continued according to these potency results.
Antivenom production
On the 45 th , 48 th , and 51 st days, 5 L blood samples were collected from the jugular vein of each animal for three times (15 L) and stored in containers with 10% sodium citrate. After plasma separation, 10 L antivenom was obtained from combined plasma (from 75 L blood in total) by the digestive method (15) and kept in the dark under 4°C.
Determination of the Effective Dose 50% (ED 50 )
To assess the antivenom potency, venom stock solution, at a dose 35-fold higher than the LD 50 for one mouse, was separated in 6 tubes (0.7 ml each). Each tube received 0.3, 0.4, 0.5, 0.6, 0.7, and 0.8 ml, respectively, of the antivenom solution and had its volume completed to 3.5 ml with PSS. These solutions of different concentrations were incubated at 37°C for one hour for antigen-antibody reaction.
Then, 0.5 ml of each solution was subcutaneously injected into a different group of mice (7 groups of 6 mice each); control group was subcutaneously injected with 0.5 ml venom solution (0.1 ml stock venom solution and 0.4 ml PSS; 5 LD 50 ).
After injection, animals were monitored for 48 hours. The number of living animals was recorded, and the ED 50 was calculated according to probit analysis (8, 9, 20) .
RESULTS
The LD 50 of venom prepared from macerated telsons was 1 ml/kg (95% confidence interval; 0.8-1.3). Since 1 ml venom contained 180 mg telsons, LD 50 was also were determined according to the LD 50 in mice (Table 1) .
Depending on the adjuvant utilized, aseptic abscess developed in the neck of horses during the immunization period, requiring local dressing.
We verified the changes in the horse sera neutralizing capacity against the LD 50 
DISCUSSION
In this study, antivenom was produced in a short time with a small quantity of telsons.
The LD 50 obtained was 1 ml/kg. It was calculated that 3.6 mg telsons could kill a mouse of approximately 20 g. In other words, since 1 telson is about 20 mg, 18% of it corresponds to the LD 50 for one mouse. This conclusion was similar to that of Ozkan and Filazi, who used the same species of scorpions and stated that 16% of one telson corresponded to the LD 50 value for one mouse (13). However, Tulga, using the same scorpions species and methodology, reported that from 3.3% to 5% of one telson corresponded to the LD 50 for one mouse (17) .
Differences between scorpion venoms toxicities can be explained by different ways of collecting scorpions, changes in their physiologic status and feeding patterns. In addition, during capture and killing, scorpions could have used some venom to protect themselves, and factors such as telsons transporting conditions, drying method, storage and period of use could have influenced these differences too (13 Scorpion venoms are neurotoxins of fatal and paralytic activity but with poor antigenic properties since they are composed of simple proteins of low molecular weight (6, 21) . Therefore, during hyperimmunization, every producer employs different techniques to increase these properties and consequently stimulate the immune system, ensuring the formation of an adequate number of antibodies (16) were used as adjuvants in the production of antivenom.
To obtain venom from scorpions, methods such as maceration, manual techniques and electrical stimulation are applied. Maceration is one of the oldest and simplest methods based on the principle of keeping telsons of dead scorpions in physiologic saline solution (6, 7) . To obtain an adequate amount of venom by this method, quite a few scorpions need to be killed. Venom obtained by this process is given to horses at increasing sublethal doses and antivenom is produced. The Algerian Pasteur
Institute reported that one horse could be immunized against Androctonus australis venom by using 400-500 telsons (6) . For the immunization of one horse, Tulga used 1,428 A. crassicauda macerated telsons, and this quantity may be increased from 1,500 to 2,000 to ensure an adequate hyperimmunization (18) .
Today, in Turkey, venom obtained through maceration of telsons from A. crassicauda scorpions collected in the Southeastern Anatolia Region is used as antigen for the production of antivenom, and it is stated that the hyperimmunization of one horse requires from 1,500 to 2,000 telsons (4, 17, 18) . In the present study, antivenom The Algerian Pasteur Institute reported that to obtain an adequate immune response (produce antibodies), horses must be immunized for at least eight months (6) . Tulga, on the other hand, produced antivenom in 100 days (17) . In Turkey, according to the present antivenom production method used, 4-5 months are required for the hyperimmunization of one horse and consequently for the production of antivenom (17, 18) . However, in this study, antivenom was produced in 51 days.
The European pharmacopoeia and the method mentioned in the technical reports of the World Health Organization (8, 20) were used during the determination of the potency of the antivenom produced in this study. We found out that 0.5 ml antivenom, which corresponded to 35 LD 50 of the venom, protected 50% animals.
Also, antivenom potency was studied based on the protocol used in the RSHC Biologic Control and Research Laboratory for A. crassicauda antivenom production (4, 5) . It was observed that 0.2 ml of antivenom prepared this way neutralized 2
Minimal Lethal Dose (2 MLD) of venom in rats (2).
According to the present results, potent antivenom can be produced in 51 days using a smaller number of telsons. Thus, with less animals collected, especially from the Southeastern Anatolia Region, the regional scorpion fauna can be protected.
